Epigenetic changes in cancer.
A cancer develops when a cell acquires specific growth advantages through the stepwise accumulation of heritable changes in gene function. Basically, this process is directed by changes in two different classes of genes: Tumor suppressor genes that inhibit cell growth and survival and oncogenes that promote cell growth and survival. Since several alterations are usually required for a cancer to fully develop, the malignant phenotype is determined by the compound status of tumor suppressor genes and oncogenes. Cancer genes may be changed by several mechanisms, which potentially alter the protein encoding nucleotide template, change the copy number of genes, or lead to increased gene transcription. Epigenetic alterations, which, by definition, comprise mitotically and meiotically heritable changes in gene expression that are not caused by changes in the primary DNA sequence, are increasingly being recognized for their roles in carcinogenesis. These epigenetic alterations may involve covalent modifications of amino acid residues in the histones around which the DNA is wrapped, and changes in the methylation status of cytosine bases (C) in the context of CpG dinucleotides within the DNA itself. Methylation of clusters of CpGs called "CpG-islands" in the promoters of genes has been associated with heritable gene silencing. The present review will focus on how disruption of the epigenome can contribute to cancer. In contrast to genetic alterations, gene silencing by epigenetic modifications is potentially reversible. Treatment by agents that inhibit cytosine methylation and histone deacetylation can initiate chromatin decondensation, demethylation and reestablishment of gene transcription. Accordingly, in the clinical setting, DNA methylation and histone modifications are very attractive targets for the development and implementation of new therapeutic approaches. Many clinical trials are ongoing, and epigenetic therapy has recently been approved by the United States Food and Drug Administration (US FDA) for use in the treatment of myelodysplastic syndrome (MDS) and primary cutaneous T-cell lymphoma (CTCL).